In this paper, we study synchronization of Lorenz system by adaptive control. We obtain a suffecient condition which are easily verified to guarantee that part of the states of Lorenz system are anti-phase synchronized, and part states complete-synchronized.
Introduction
Many research papers on chaos have been published on chaotic behavior, controlling chaos and synchronization since Lorenz [9] found the first chaotic attractor in 1963. Synchronization of chaos has attracted much attention since the pioneering work by Pecora and Carroll [1] [2] due to its many applications in physics, secure communication, chemical reactor, control theory, telecommunications, biological networks, artificial neural networks, etc. Several different types of synchronization of coupled chaotic oscillators have been described theoretically and observed experimentally. These include complete, generalized, lag, anticipating and phase synchronization. Many different methods have been proposed to study synchronization such as feedback control [7] [8] , active control [5, 10] , observer control [4] , etc.
Using feedback approach, many theoretical research results have been obtained for coupled identical systems. Especially, linear feedback via a single variable is easy to be implemented due to its simplicity. As far as we know, in drive-response synchronization, the research results reported on all the states of the response system synchronizing to the corresponding states of the drive system in terms of the same synchronization regime. In the real world, some problems may desire some states of the system complete synchronization, other states of the system anti-phase synchronization. By adaptive control via a single variable, the coupled Chen systems [13] [14] [15] may exhibit a class of hybrid synchronization behavior, i.e., one part of the states is anti-phase synchronized and the others complete-synchronized.
Main Results
In this paper, the drive system is chosen as Chen system [13] [14] [15] :
* To whom any correspondence should be addressed. (2) where k > 0 is control gain. Let the control gain k be an estimate of a certain constant k* and updated according the following adaptive algorithm: , Then, our goal is to make error (4) approach asymptotically to zero when . On the other hand, it follows from (1), (2) and (3), the error (4) is governed by the following dynamical system: Obviously, the following work is to find an appropriate region Ω such that the origin of (3) (5) It is clear that if the derivative of the Lyapunov function is negative, then the origin of the error system (5) is asymptotically stable. Thus, if the matrix Q be positive definite, then the error system (5) is asymptotically stable. Q be positive definite if and only if the following three conditions hold: (1). ap>0; (2) . ; ), thus we have that the origin of error system (4) is asymptotically stable.
Numerical simulation
We have obtained that the existence of anti-phase and complete synchronization in coupled identical Chen systems by active control. In the following, we will demonstrate the correctness of the theory we obtained in previous section by simulation. We use ODE45 in MATLAB to solve Chen system numerically. The initial conditions of drive and response systems are (-15 20 10) and (10 5 5 
Conclusions
The paper has investigated a class of hybrid synchronization phenomenon, i.e., two pairs of states are anti-phase synchronized, and the third pair is complete-synchronized, of coupled Chen system by active control via a single variable. Sufficient condition presented in this paper is easily verifiable.
